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Northeastern Pacific Sacoglossan Opisthobranchs: Natural History Review, 

Bibliography, and Prospectus 

CYNTHIA D. TROWBRIDGE 

Department of Zoology, Hatfield Marine Science Center, Oregon State University, 

Newport, Oregon 97365, USA; trowbric@ucs.orst.edu 


Abstract. The species richness and geographic ranges of the sacoglossan (synonym: ascoglossan) opisthobranch fauna 
have been well characterized for northeastern Pacific shores, particularly in the Californian province, but the natural 
history and ecology of these gastropods have been comparatively less well studied. Over half of the described sacoglossan 
genera and approximately two-thirds of the families are represented on northeastern Pacific shores. At least 25 species 
of sacoglossans occur: eighteen species are known stenophagous herbivores, and one feeds on opisthobranch eggs. Eight 
species occur on cold-temperate northeastern Pacific shores, 19 species inhabit the Gulf of California and warm-temperate 
to tropical Pacific shores, and four species occur in the Aleutian, Oregonian, Californian, and Panamic provinces. Five 
of the species have been studied appreciably more than the others: Elysia hedgpethi (Marcus, 1961), Alderia modesta 
(Loven, 1844), Placida dendritica (Alder & Hancock, 1843), Aplysiopsis enteromorphae (Cockerell & Eliot, 1905), and 
Stiltger fuscovittatns Lance, 1962. The paucity of study on other species is not necessarily due to low abundance. This 
natural history review of the regional sacoglossan fauna synthesizes the scattered literature about the stenophagous 
gastropods and highlights the major gaps that malacologists should seek to fill in the study of this highly specialized 
order. Future research should focus more on the autecology, population ecology, and community ecology of sacoglossans. 
Recent advances in isotope analysis, fluorometry, larval culturing, and molecular techniques provide challenging oppor¬ 
tunities to enhance our understanding of sacoglossan biology. 


INTRODUCTION 

Sacoglossan (synonym: ascoglossan) opisthobranchs are 
small sea slugs that are suctorial feeders on marine algae, 
seagrass, diatoms, and opisthobranch eggs (Williams & 
Walker, 1999). Our knowledge of the northeastern Pacific 
sacoglossan fauna is quite recent, with a rapid prolifera¬ 
tion in species recognized since 1960 (Figure 1). Many 
of the northeastern Pacific species that are broadly dis¬ 
tributed were first described in other parts of the world 
(Figure 1) and then subsequently recorded as present on 
northeastern Pacific shores. The rate of species discovery 
is still high (e.g., Farmer, 1996; Lance, 1998; J. Goddard, 
personal communication, 2000; Valdes & Camacho- 
Garcia, 2000). Whether such finds are due to (1) locating 
easily overlooked species (i.e., problem of omission), (2) 
previous lack of study (Lee & Foster, 1985), or (3) es¬ 
tablishment of introduced species is not entirely clear. 
Most of the recent discoveries have been in the Panamic 
province. 

Beeman & Williams (1980:309) astutely noted: “Stud¬ 
ies of California opisthobranchs to date have been mainly 
taxonomic and distributional in nature.” In addition, not 
only is classification within the order Sacoglossa highly 
unstable (Roller, 1970a; Marcus, 1982; Gascoigne, 1985; 
Jensen, 1996; Burn, 1998; Williams & Walker, 1999; 
Mikkelsen, 1998) but also the proper name of the order 


and several species are controversial (Keen, 1973; Jensen, 
1991; K. B. Clark, personal communication, 1986; Mar¬ 
shall & Willan, 1999). There remains a continued division 
in usage of the terms Ascoglossa vs. Sacoglossa; the con¬ 
troversy has been exacerbated by numerous prominent 
authors switching terms between papers and, in at least 
one case, within papers. After extensive discussions with 
taxonomists, I now change from my past use of Asco¬ 
glossa to Sacoglossa. Despite the taxonomic and nomen- 
clatural issues, however, in the last two decades, our 
knowledge of northeastern Pacific species has substan¬ 
tially matured with studies on the ecology, ecophysiology, 
and reproductive biology of sacoglossan slugs. 

The order has recently been reviewed from a number 
of different perspectives: feeding ecology (Williams & 
Walker, 1999), kleptoplasty (Clark et al., 1990; Clark, 
1992; Williams & Walker, 1999), population ecology 
(Clark & DeFreese, 1987), and taxonomy (Jensen 1996, 
1997; Mikkelsen, 1998). For many geographic regions, 
there are admirable syntheses of the sacoglossan fauna, 
their biology and ecology. The present paper (1) synthe¬ 
sizes the existing, broadly scattered details, (2) highlights 
an unpublished M.A. thesis (Case, 1972) on Stiliger fits- 
covittatus cited only once (by Behrens, 1980) in the past 
three decades, and (3) evaluates our present understand¬ 
ing of the northeastern Pacific sacoglossan assemblage. 
Because of these objectives, some of the topics in this 
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Date of First Record 


Figure 1. Temporal pattern of species discovery and/or descrip¬ 
tion for northeastern Pacific sacoglossans. Open circles represent 
first records, for other parts of the world, of species now known 
from northeastern Pacific shores; closed triangles represent first 
records of northeastern Pacific species on these shores. Data 
based on Cockerell & Eliot, 1905; Ager.sborg, 1923; MacFarland, 
1924, 1966; O’Donoghue, 1924; Pilsbry & Olsson, 1943; Sowell, 
1949; Hand, 1955; Marcus, 1961; Keen & Smith, 1961; Lance, 
1962; Marcus & Marcus, 1967, 1970a, b; Keen, 1971; Sphon, 
1971; Sphon & Mulliner, 1972; Ferreira & Bertsch, 1975; Oakes, 
1979; Behrens, 1991a; Valdes & Camacho-Garcia, 2000; J. God¬ 
dard, personal communication, 2000. 

review (e.g., phenology) are necessarily based on person¬ 
al communications, observations, or unpublished data by 
professional colleagues; quantitative descriptions and ex¬ 
perimental underpinnings will be (or should be) published 
in due course. Finally, this review does not attempt to 
clarify the taxonomic identities of the undescribed species 
or to resolve issues of problematic species. The primary 
objective is to provide a cohesive understanding of past 
work and to provide a focused prospectus for future sa- 
coglossan research. 

TAXONOMIC RICHNESS 

The number of species, termed “species richness,” varies 
depending on the author and the specific range consid¬ 
ered. McDonald (1975) listed seven species for the cen¬ 
tral California coast, Ricketts et al. (1985:562) mentioned 
“seven or eight species on our coast” and provided some 
early references for the Pacific coast, and Beernan & Wil¬ 
liams (1980) provided excellent descriptions of two spe¬ 
cies and briefly mentioned four other species on Califor¬ 
nian shores. Farmer (1980) provided comprehensive sum¬ 
maries of nine species for the northeastern Pacific, incor¬ 
porating the Gulf of California species, and Keen (1971) 
summarized the species on tropical eastern Pacific shores. 
Behrens (1991a, b) illustrated and briefly described 12 
species and mentioned one other. If these records are 


merged, there are at least 25 species (20 described, five 
undescribed) on northeastern Pacific shores between 
Alaska and Baja California, including the Gulf of Cali¬ 
fornia (Table 1). With increased study of low latitude 
northeastern Pacific shores (Mexico to northern Ecuador), 
more species will undoubtedly be discovered. 

In terms of higher-level taxonomic diversity, Jensen 
(1996) listed nine families, 23 genera, and approximately 
200 species worldwide in the order Sacoglossa. Based on 
Jensen’s (1996) classification system, there are an esti¬ 
mated 66.7% of the families represented, 60.9% of the 
genera, and 12.5% of the species in the northeastern Pa¬ 
cific region. Depending on the specific boundaries rec¬ 
ognized between biogeographical provinces (Vermeij, 
1978; Hartman & Zahary, 1983), the species richness 
varies (Table 1). There are substantially more sacoglos¬ 
sans known from the Panamic Province (Gulf of Califor¬ 
nia and northeastern Pacific, from Bahia Magdalena 
south) than from the northern provinces. 

GEOGRAPHIC RANGES 

Our knowledge of the geographic ranges of these species 
(Tables 2, 3) is incomplete, owing to gaps in sampling 
and, in some cases, a lack of sampling outside known 
ranges. Bertsch (1973:51) noted: “The ranges probably 
reflect the concentration of study in a few areas as much 
as the actual ranges of the species.” The vast majority of 
reports on northeastern Pacific sacoglossans are listed as 
“range extensions,” implicitly indicating increases in 
known ranges. Such records should not be considered 
“range extensions” in the strictest sense because there is 
no evidence that species are modifying their ranges but 
rather our knowledge of the ranges is changing (Clark, 
1997); malacological terminology is presently inconsis¬ 
tent with other fields (e.g., population ecology and inva¬ 
sion biology) and thus subject to confusion. 

All of the species found on cold-temperate and boreal 
shores (Oregonian and Aleutian Provinces) are also found 
in the Californian Province; four of these species also 
occur in the Gulf of California (Panamic Province) (Table 
1). With the possible exception of the seemingly uncom¬ 
mon Aplysiopsis oliviae, Placida sp. 1, and Olea hansi- 
neensis, most of the other Pacific coast species are widely 
distributed in the northeastern Pacific. The southern ex¬ 
tent of the ranges of species found in the Gulf of Cali¬ 
fornia is generally not well known; this undoubtedly re¬ 
flects the paucity of opisthobranch studies on low-lati¬ 
tude, northeastern Pacific shores. 

Three species have curious and perhaps questionable 
ranges: Ercolania fuscata, E. boodleae, and Stiliger fns- 
covittatus. (1) Ercolania fuscata occurs on northwestern 
Atlantic shores (Clark, 1975), the tip of South America, 
possibly southeastern Australia (Thompson, 1973; but see 
Jensen & Clark, 1983), and the Gulf of California; as 
Ferreira & Bertsch (1975) emphasized, this distribution 
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Table 1 

Sacoglossan opisthobranchs on northeastern Pacific shores. Classification based on Jensen (1996). Cylindrobulla cali- 
fornicci Hamatani, 1971, is not included because Jensen (1996) excluded the family Cylindrobullidae from the order 
Sacoglossa (but see Mikkelsen, 1998). Provinces based on Vermeij (1978) and Hartman & Zahary (1983). 



Aleutian 

Oregonian 

Californian 

Panamic 

Species 

Province 

Province 

Province 

Province 

Suborder Oxynoacea (shelled slugs) 

FAMILY OXYNOIDAE (REDUCED SHELL SLUGS) 





Oxynoe panamensis Pilsbry & Olsson, 1943 




X 

Lobiger souverbii Fischer, 1856 




X 

FAMILY JULIIDAE (BIVALVED SLUGS) 





Berthelinia chloris (Dali, 1918) 



X 

X 

Julia tliecapliora (Carpenter, 1857)' 




X 

Suborder Plakobranchacea 

SUPERFAMILY PLAKOBRANCHIOIDEA (PARAPODIA-BEARING SLUGS) 
FAMILY PLAKOBRANCH1DAE 





Elysia hedgpetlii Marcus, 1961 

X? 

X 

X 

X 

Elysia sp. 1 of Behrens (1991) 



X? 

X? 

Elysia diomedea (Bergh, 1894) 1 2 




X 

Elysia oerstedii Morch, 1859 




X 

Elysia vreelandae Marcus & Marcus, 1970 




X 

SUPERFAMILY LlMAPONTlOIDEA (CERATA-BEARING SLUGS) 

FAMILY POLYBRANCHIIDAE 





Polybranchia viridis (Deshayes, 1857) 3 




X 

Cyerce orteai Valdes & Camacho-Garcia, 2000 




X 

FAMILY HERMAEIIDAE 





Aplysiopsis enteromorpliae (Cockerell & Eliot, 1905) 4 

X 

X 

X 

X 

Aplysiopsis oliviae (MacFarland, 1966) 

X? 

X 

X 


undescribed species 5 



X 


Hermaea vancouverensis O’Donoghue, 1924 

Hermaea hillae Marcus & Marcus, 1967 

X 

X 

X 

X 

FAMILY LlMAPONTlIDAE 





Alderia modesta (Loven, 1844) 

X 

X 

X 


Ercolania boodleae (Baba, 1938) 



X 

X 

Ercolania fuscata (Gould, 1870) 

Olea hansineensis Agersborg, 1923 

X 

X 

X 

X 

Placida dendritica (Alder & Hancock, 1843) 

X 

X 

X 

X 

Placida sp. 1 of Behrens (1991) 



X 


Stiliger fuscovittatus Lance, 1962 

X 

X 

X 

X 

Stiliger sp. 6 




X 

Stiliger sp. 7 




X 

Total Number of Species 

6-8 

8 

12-13 

18-19 


1 (Synonym: J. equatorialis Pilsbry & Olsson, 1944) based on Williams & Gosliner (1973). 

2 Name change by Gosliner (1995). 

3 Synonym: Phyllobranchillus viridis (Deshayes, 1857). 

4 Not enteromorphea as listed in MacFarland, 1966 (see Marcus & Marcus, 1967; Behrens, 1991a). 

5 Found by M. Chamberlain in southern California (D. Behrens, personal communication, 2000). 

6 Found by Lance & Farmer in the Gulf of California on Codiurn magnum (Farmer, 1996; Lance, 1998; D. Behrens, personal 
communication, 2000). 

7 Found by Jeff Goddard in the Gulf of California on C. fragile (J. Goddard, personal communication, 2000). 

? Reflects the uncertainty in dividing lines between biogeographic provinces (see Hartman & Zahary, 1983). 


is rather unusual. It may indicate the species’ introduction 
along historical trade routes (Ferreira & Bertsch, 1975) 
or cryptic species (Burn, 1998; Ellis, 1999; Burn, person¬ 
al communication to Ellis, 2000). (2) Ercolania boodleae 


is common on Japanese shores (Baba, 1938; Usuki, 1977; 
Trowbridge, personal observations) but was only recently 
reported in the Gulf of California (Farmer, 1980; Behrens, 
1991a). This pattern is symptomatic of a recent species 
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Table 2 

Distribution of common sacoglossans on northeastern Pacific shores 


Species 


Locations 


References 


Elysia hedgpethi Alaska: no records 

British Columbia: Gibraltar Is.. Diana Is., Bordelais Islets, Brady’s 
Beach, Grapper Inlet near Bamfield, Vancouver Is.; Brentwood 
Bay, Vancouver Is. 

Washington: San Juan Is. 

Oregon: Boiler Bay & Seal Rock, Lincoln Co.; Coos Bay, Coos Co. 
California: Tomales Bay Oyster Company mudflats & Richardson 
Bay, Marin Co.; near Redwood Creek & Port of Redwood City, 
SF Bay; Pebble Beach, Moss Beach, Park’s Point, Pescadero 
Point, Point Pinos, Monterey Co.; Elkhorn Slough; Shell Beach & 
Morro Bay, San Luis Obispo Co.; Point Sal, Coal Oil Point, Santa 
Barbara Yacht Harbor, Carpinteria, Santa Barbara Co.; Flat Rock, 
Palos Verdes. Los Angeles Co.; La Jolla; Newport Bay, Orange 
Co. 

Baja California: Bahia San Quintfn, Bahia Tortugas, Bahia de los 
Angeles. Puertecitos 
Sonora: Bahia de San Carlos 

Alderia modesta Alaska: Cordova, Prince William Sound* 

British Columbia: Neroutsos Inlet near Port Alice. Ladysmith. 

Pachena Estuary, Louie Bay, Esperanza Inlet, Vancouver Is. 
Washington: Garrison Bay & False Bay, San Juan Island 
Oregon: Coos Bay and Charleston, Coos Co.; Yaquina Bay, Lincoln 
Co. 

California: Freshwater Slough, Park Street Slough. & Park Street 
marsh in Areata Bay, Humboldt Co.; Bodega Bay, Schooner Bay, 
Drake’s Estero, Marin Co.; Bay Farm Is., Alameda Co.; San Fran¬ 
cisco Bay; Elkhorn Slough, Monterey Bay; Newport Bay, Orange 
Co.; San Elijo estuary, Kendall-Frost Marine Reserve and North¬ 
ern Wildlife Preserve, San Diego River Flood Control Channel, & 
Mission Bay, San Diego Co. 

Baja California: San Quintfn Bay 
Other: North Atlantic shores 

Aplysiopsis enteromor- Alaska: Cutter Rock, Ketchikan 

phae British Columbia: Crescent Beach; Gambier Is.; Grappler Inlet, 

Bamfield, & Esperanza Inlet, Vancouver Is. 

Washington: Argyll Lagoon, Garrison Bay, Wescott Bay, & Mitch¬ 
ell Bay, San Juan Is.; Kayostla Beach 
Oregon: Boiler Bay & Seal Rock, Lincoln Co.; Neptune Beach & 
Strawberry Hill, Lance Co.; South Cove, Good Witch Cove, & 
South Slough, Coos Co. 

California: Omenoku Pt. & Punta Gorda, Humboldt Co.; Bolinas, 
Tomales Bay, Bodega Bay; Drake’s Estero, Marin Co.; Duxbury 
Reef, Marin Co.; Scott Creek, Santa Cruz Co.; Elkhorn Slough, 
Monterey Bay; Cayucos, Hazard Canyon, & Shell Beach, San 
Luis Obispo Co.; Leo Cabrillo Beach State Park, Los Angeles 
Co.; Point Sal, Santa Barbara Co.; San Diego; La Jolla Bay, New¬ 
port Bay, Orange Co.; Dead Man’s Bay, San Pedro 
Baja California: Bahfa de los Angeles, Bahia San Quintfn 
Sonora: Bahfa de San Carlos 


Hennaea Vancouver- Alaska: Humboldt Harbor. Shumagin Islands; Spruce Cape, Kodiak 

ensis Is.; Cutter Rock & Blank Is., Ketchikan 

British Columbia: Port Hardy & Newcastle Is., Vancouver Is.; Satu- 
rina Is. & Flat Top Is. 

Washington: Kayostla Beach 

Oregon: Boiler Bay & Seal Rock, Lincoln Co.; North Cove, Coos 
Co. 

California: Bodega Harbor & Coleman State Beach, Sonoma Co.; 

Duxbury Reef, Marin Co. 

Baja California: No records 


Lance (1961, 1966), Marcus 
(1961), Steinberg (1963), 
MacFarland (1966). Farmer 
(1967), Sphon & Lance 
(1968), Greene (1970a, b, c). 
Roller (1970b), Goddard 
(1973, 1984), Green & Mus¬ 
catine (1972), Gosliner & 
Williams (1973), Williams & 
Gosliner (1973), Behrens & 
Tuel (1977), Millen (1980), T. 
Gosliner in Behrens (1991a), 
Lance (1998). C. Trowbridge 
(unpublished data) 


Hand (1955), Hand & Steinberg 
(1955), Steinberg (1963), 
Gosliner & Williams (1973), 
Williams & Gosliner (1973), 
Belcik (1975), Thompson 
(1976), McLean (1978), S. V. 
Millen (1980, personal com¬ 
munication, 2000), J. God¬ 
dard (1984, personal commu¬ 
nication, 2000), Jaeckle 
(1984), Trowbridge (1993c), 
Lance (1996), Krug (1998b), 
Krug & Manzi (1999), W. 
Farmer (personal communica¬ 
tion. 1999) 

Cockerell & Eliot (1905), Gon- 
or (1961), Lance (1961, 

1998), Marcus (1961), Stein¬ 
berg (1963), MacFarland 
(1966), Sphon & Lance 
(1968), Roller & Long 
(1969), Gosliner & Williams 
(1970, 1973), Greene 
(1970a), Williams & Gosliner 
(1973), Belcik (1975), S. V. 
Millen (1980, 1989, personal 
communication, 2000), J. 
Goddard (1984, 1987, person¬ 
al communication, 2000), 
Jaeckle (1984), Behrens 
(1991a) Trowbridge (1993a, d, 
personal observations), God¬ 
dard et al. (1997), Lance 
(1998) 

O’Donoghue (1924), Sowell 
(1949)**, Steinberg (1963), 
Williams & Gosliner (1973), 
S. V. Millen (1980, 1983, 
personal communication, 
2000), Goddard (1984), Fos¬ 
ter (1987), T. Gosliner in 
Behrens (1991a), Goddard et 
al. (1997), Trowbridge (per¬ 
sonal observations) 
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Table 2 

Continued 


Species 


Locations 


References 


Placidci dendritica 


Stiliger fuscovittatus 


Olea hcmsineensis 


Alaska: Bertha Bay, Chichagof Is. 

B.C.: Triangle Is., Diana Is., Grappler Inlet, Brady’s Beach, Port 
Renfrew, Bamfield, Vancouver Is.; Mills Bay near Victoria 

Washington: Kay ostia Beach; Cattle Point, San Juan Island 

Oregon: Boiler Bay, Yaquina Head & Seal Rock, Lincoln Co.; 
Strawberry Hill, Lane Co.; South Cove, Good Witch Cove, & 
Squaw Is., Coos Co.; S.H. Boardman State Park, Curry Co. 

California: Palmer’s Pt. & Trinidad Bay, Humboldt Co.; Bodega 
Head, Sonoma Co.; Duxbury Reef, Marin Co.; Richardson Bay, 
Marin Co.; Fort Barry Docks, SF Bay; Punta Gorda, Humboldt 
Co.; Carmel Bay, Park’s Pt., Pescadero Point, Point Pinos, & Cy¬ 
press Point, Monterey Co.; Shell Beach & Morro Bay, Pismo 
Beach, San Luis Obispo Co.; Flat Rock, Palos Verdes, Los Ange¬ 
les Co.; Newport Beach and Newport Bay, Orange Co. 

Baja California: Isla San Benito; Bahia San Quintin, Bahia de los 
Angeles 

Sonora: Bahia de San Carlos 

Other: Japan, north Atlantic, Australasia, South Africa*** 


Alaska: Cutter Rock, Ketchikan 

B.C.: Flat Top Islands (Saturina & Bath); Porlier Pass near Galiano 
Is.; Stubbs Is. near Telegraph Cove, & Sooke Harbour, Vancouver 

Is. 

Washington: San Juan Island 

Oregon: Seal Rock, Lincoln Co.; Isthmus Slough, Coos Bay, Coos 
Co. 

California: Areata Bay & Humboldt Bay, Humboldt Co.; SF Yacht 
Harbor, Fort Barry, Sausalito, Marin Co.; Morro Bay Docks & 
Shell Beach, San Luis Obispo Co.; San Diego & Mission Bays 

Baja California: Bahia de los Angeles 

Other: Sebastian Inlet Jetty & Indian River Lagoon at Titusville, 
Florida 

Alaska: Cordova, Prince William Sound* 

British Columbia: Tuwanek Pt., Sechelt Inlet; Sooke Harbour & To- 
fino, Vancouver Is. 

Washington: Jaekle’s Lagoon & Garrison Bay, San Juan Is. & 

Brown Is. & Parks Bay, Shaw Is. 

Oregon: No reports 
California: San Clemente Is. 


Sowell (1949)**, MacFarland 
(1966), Long (1969), Gosli- 
ner & Williams (1970), 
Greene (1970a), Marcus & 
Marcus (1970a), Roller 
(1970b), Greene & Muscatine 
(1972), Goddard (1973, 1984, 
1987, 1990), McLean (1976), 
Williams & Gosliner (1973), 
Lambert (1976), Thompson 
(1976), S. V. Millen (1980, 
personal communication, 
2000), Jaeckle (1984), Gosli¬ 
ner (1987), Behrens (1991a, 
1998), Trowbridge (1991a, b, 
1995, 1998a, b, 1999, unpub¬ 
lished data), Ichikawa (1993) 
Goddard et al. (1997), Lance 
(1998), O’Clair & O'Clair 
(1998) 

Lance (1962, 1966), Steinberg 
(1963), Roller & Long 
(1969), Gosliner & Williams 
(1970), Case (1972), Williams 
& Gosliner (1973), S. V. Mil¬ 
len (1980, 1989, personal 
communication, 2000), Jensen 
& Clark (1983), Jaeckle 
(1984), Clark & DeFreese 
(1987), Trowbridge (1994, un¬ 
published data), Clark (1995), 
J. Goddard (personal commu¬ 
nication, 2000) 

Agersborg (1923), Gonor 
(1961), Steinberg (1963), 
Hurst (1967), Crane (1971), 
Robilliard (1971), Millen 
(1980), R. McPeak & D. 
Mulliner in Behrens (1991a), 
J. Goddard (personal commu¬ 
nication, 2000) 


* New records in preparation: J. Goddard (personal communication, 2000). 

** Sowell’s (1949) record of Hennaea vancouverensis probably refers to Placida dendritica ; this inference is based on the superficial 
similarity of the two species, the fact that P. dendritica was not recognized on northeastern Pacific shores until the 1960’s (MacFarland, 
1966; Long, 1969), the author’s familiarity with the site in Oregon, and perhaps most importantly because the algal host was specified 
to be the green alga Bryopsis corticulans, not the colonial diatom Isthmia nen>osa. I do not agree with Belcik’s (1975) interpretation 
that the record was Aplysiopsis enteromorphae (as A. smithi ) because of difference in size, color, tidal level, and algal food. 

*** May be sibling species (C. Trowbridge, work in progress). 


introduction, although additional evidence (e.g., confirm¬ 
ing the species identity) is needed to support this hypoth¬ 
esis. (3) The appearance of the northeastern Pacific Sti¬ 
liger fuscovittatus in Indian River Lagoon. Florida (Jen¬ 
sen & Clark, 1983; Clark, 1995) seems also to be due to 
an anthropogenic introduction, particularly as this species 
feeds on filamentous red algae ( Polysiphonia) commonly 


growing on ship hulls, floating docks, floats, and other 
“artificial” surfaces. 

Chapman & Carlton (1991) suggested a number of cri¬ 
teria to evaluate whether a species was native or intro¬ 
duced. All three of the above cases may represent cases 
of introductions, although, based on their criteria, addi¬ 
tional information is needed. When Marcus (1961) first 
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Table 3 

Distribution of the less common species of northeastern Pacific sacoglossans 


Species 

Locations 

References 

Oxynoe panamensis 

Baja California: Espiritu Santo Is., Candelero Bay; near La Paz 

Other: Bocas Is., Province of Bocas del Toro, Panama 

Pilsbry & Olsson (1943), Smith 
(1961), Doty & Aguilar-San- 
tos (1970), Lewin (1970), 
Keen (1971), Williams & 
Gosliner (1973) 

Lobiger souverbii 

Baja California: Espiritu Santo Is., Candelero Bay; Playa Maria & 

Isla San Jose, Baja del Sur 

Nayarit, Mexico: Santa Cruz 

Galapagos: Flamingo Cove, Floreana Island, Galapagos Islands 

Other: Indian, Pacific, and Atlantic Oceans 

Marcus & Marcus (1967, 1970a), 
Keen (1971), Sphon (1971), 
Sphon & Mulliner (1972), 

Baba (1974), Larson & 

Bertsch (1974), Jensen (1983), 
Jensen & Clark (1983), Clark 
& DeFreese (1987), Gosliner 
(1987), Ichikawa (1993), Gosli¬ 
ner et al., (1996) 

Berthelinia chloris 

Baja California: Bahia Ballenas & La Paz; Punta Abreojos; La Paz; 
Puerto Ballandra Bay; Magdalena Bay; Espiritu Santo Is., Cande¬ 
lero Bay, Gulf of California 

Galapagos: Flamingo Cove, Floreana Island, Galapagos Islands 

Keen & Smith (1961), Smith 
(1961), Kay (1964), Keen 
(1971), Sphon & Mulliner 
(1972), Williams & Gosliner 
(1973), Behrens (1991a) 

Julia thecaphora 

Baja California: La Paz 

Mexico: Socorro Is. 

Other: Panama, Colombia, Ecuador, Peru 

Pilsbry & Olsson (1944), Keen 
(1971), Williams & Gosliner 
(1973) 

Elysia vreelandae 

Sonora: San Agustin = El Sahuaral 

Marcus & Marcus (1970a, b) 

Elysia oerstedii 

Costa Rica: Puntarenas 

Keen (1971) 

Elysia sp. 1 

Baja California: Magdalena Bay 

T. Gosliner in Behrens (1991a) 

Elysia diomedea 

Baja California: West of Isla Cerralvo; Islas San Francisco, Espiritu 
Santo, & Cerralvo; Bahia Las Cruces; Bahia Carisalito; Bahia de 
Concepcion; Bahia de los Angeles; San Marcus Is., Gulf of Calif.; 
Puerto Lobos; San Jose Is. 

Sonora: Puerto Penasco 

El Salvador: Pacific coast 

Other: To Panama 

Panama: Venado Isl., off Ft. Kobbe; Deale Beach (Ft. Kobbe 

Beach), Canal Zone 

Bergh (1894), MacFarland 
(1924), Marcus & Marcus 
(1967), Dushane & Sphon 
(1968), Trench et al. (1969), 
Bertsch (1971, 1973), Keen 
(1971), Bertsch & Smith 
(1973), Williams & Gosliner 
(1973), Ireland & Faulkner 
(1981), Debelius (1996), 
Bertsch et al. (1998) 

Polybranchia viridis 

Baja California: Punta Norte. Isla Cerralvo; Rancho Notri Puerto 
Escondido, Bahia de Palmas, Punta Colorada, Pulmo Reef, Cabo 

Pul mo 

Nayarit: Punta Mita 

Other: Duncan Is. & Flamingo Cove, Floreana Is., Galapagos; Less¬ 
er Antilles; Florida; Panama 

Marcus & Marcus (1967, 

1970a), Sphon & Mulliner 
(1972), Bertsch & Smith 
(1973), Ferreira & Bertsch 
(1975), Clark (1995), Debel¬ 
ius (1996) 

Cyerce orteai 

Costa Rica: Playa Cabuya, Cabuya, Cobano, Puntarenas; Estacion 

San Miguel, Reserva Natural Absoluta de Cabo Blanco, Cabuya, 
Cobano, Puntarenas; Playa Ocal del Penon, Santa Teresa, Cobano, 
Puntarenas 

Valdes & Camacho-Garcia 
(2000) 

Aplysiopsis oliviae 

British Columbia: Saltspring Is. & Brentwood Bay, Vancouver Is. 
California: Duxbury Reef, Marin Co.; Cabrillo Pt. & Pt. Pinos, 
Monterey Bay; Santa Barbara Channel, Santa Barbara Co. 

MacFarland (1966), Lee & Bro- 
phy (1969), Gosliner & Wil¬ 
liams (1970), Williams & 
Gosliner (1973), Millen 
(1980) 

Placida sp. 1 

California: San Diego Bay 

J. Hamann in Behrens (1991a) 

Hermaea hillae 

Sonora: Puerto Penasco 

Marcus & Marcus (1967) 

Stiliger sp. 

Baja California: Bahfa San Quintm 

Farmer (1996), Lance (1998), 

D. Behrens (personal commu¬ 
nication, 2000) 

Ercolania boodleae 

California: Mission Bay 

Sonora: Puerto Penasco 

Other: Japan 

Baba (1938, 1949), Baba & Ha- 
matani (1952, 1970), Usuki 
(1977), W. Farmer (1980, per¬ 
sonal communication, 1999), 

J. Hamann in Behrens (1991a) 
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Table 3 

Continued 


Species 

Locations 

References 

Ercolania fnscata 

Sonora: near Puerto Penasco 

Other: Florida, northwestern Atlantic 

Clark (1975, 1995), Ferreira & 
Bertsch (1975). Jensen & Clark 
(1983), Clark & DeFreese 
(1987), Jensen (1988), references 
therein 


described Elysia hedgpethi, he considered whether it 
might have been introduced, given its occurrence on a 
mudflat in close proximity to mariculture facilities (Pa¬ 
cific oysters) in Tomales Bay, California; after comparing 
the species to congeners around the world, he concluded 
that it was a separate species. Soon after its initial de¬ 
scription in 1961, E. hedgpethi was reported to be wide¬ 
spread (to the north and south); thus, this species exem¬ 
plifies an overlooked native that differs from geographi¬ 
cally distant endemic species (e.g., from the Japanese E. 
japonicci, the European E. viridis , etc.). 

PREY SPECIES and FEEDING 

Diets 

Sacoglossans are traditionally considered to be ste- 
nophagous consumers with comparatively specialized 
host-plant associations (see Williams & Walker, 1999). 
For 76% of the northeastern Pacific species, the feeding 
habits have been generally well characterized, at least to 
the generic level (Table 4). Difficulty or unresolved tax¬ 
onomy within some algal groups (e.g., Vancheria , Clci- 
dophora, Chaetomorphci) as well as malacologists’ in¬ 
experience with distinguishing algal species (e.g., Codium 
and Polysiphonia) have hindered progress in this area. 
For Hermaea hillae, Elysia sp. 1, E. oerstedii , and Cyerce 
orteai, prey species have not been described. 

Radulae of many species have been illustrated 
(O’Donoghue, 1924; Hand & Steinberg, 1955; Gonor, 
1961; Lance, 1962; Marcus & Marcus, 1970b; Ferreira & 
Bertsch. 1975; Gascoigne, 1975; Farmer, 1980; Bleakney, 
1989, 1990; Behrens, 1991b; Valdes & Camacho-Garcia, 
2000). Jensen (1980, 1993, 1996, 1997) hypothesized that 
tooth shape is directly related to food type. Jensen’s re¬ 
sults m.ay assist in determining the diets of the poorly 
studied species; such extrapolation would be a useful tool 
for future study of uncommon sacoglossans. Furthermore, 
Bleakney (1989, 1990) and Jensen (1996, 1997) have re¬ 
ported intraspecific variation in radular tooth morphology 
in two species on different diets; it would be intriguing 
to know whether this phenomenon also occurs in Aply- 
siopsis enteromorphae , Elysia hedgpethi , and other north¬ 
eastern Pacific species that feed on two or more genera 
of algae. 


The feeding ecology of northeastern Pacific sacoglos¬ 
sans has been investigated experimentally for only a few 
species: Placida dendritica (Trowbridge, 1991a. b, 1992a, 
b, 1993b, 1997, 1998a, b), Elysia hedgpethi (Trowbridge, 
unpublished data), Aplysiopsis enteromorphae (Gonor, 
1961; Trowbridge, 1993a), Stiliger fascovittatus (Case, 
1972), Ercolania fnscata (on Atlantic shores; Clark, 
1975; Jensen, 1983), and Ercolania hoodleae (on Japa¬ 
nese shores; Usuki, 1977). As Williams & Walker (1999) 
have emphasized, there is considerable room for improve¬ 
ment in the experimental and statistical rigor of feeding 
experiments. For example, for feeding preference exper¬ 
iments, some of the needed changes include (1) adequate 
replication and (2) independence of replicates (individual 
animals in separate containers making separate and in¬ 
dividual choices). For experiments in which groups of 
animals are maintained on different diets (e.g., Chia & 
Skeel, 1973), the container or dish is the replicate, not 
the animals within the dish. For experiments in which 
groups of animals are placed in a single arena with a 
pairwise choice of algal species (e.g., Jensen, 1983), the 
individual slugs are not independent and thus cannot con¬ 
stitute replicates. If experiments involve measuring prey 
mass loss due to slug herbivory, negative controls should 
be included in order to measure the endogenous mass loss 
in the absence of herbivory. Peterson & Renaud (1989) 
describe the statistical methodology required to test for 
significant preferences between pairwise choices; multi¬ 
ple-choice experiments are fraught with statistical peril 
despite their clear biological significance. 

Even with the best-studied associations, slug discrim¬ 
ination among, preference of, and performance on con¬ 
generic algal species have not been resolved. For exam¬ 
ple, Placida dendritica exhibits distinct feeding prefer¬ 
ences among three algal hosts on Oregon shores ( Btyop - 
sis corticulans, Codium fragile , and C. setchellii ) 
(Trowbridge, 1991a); on northeastern Pacific shores, there 
are at least six potential host species, yet there is no in¬ 
formation on whether P. dendritica consumes C. ritteri 
in Alaska, C. cuneatiun, C. hubbsii, or C. johnstonei in 
southern California, or C. magnum and allies in the Gulf 
of California. Similarly, many authors report that Stiliger 
fuscovittatns consumes Polysiphonia pacifica, Polysi¬ 
phonia sp., and Callithamnion sp. (Lance. 1962; Stein- 
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Table 4 

Adult diets described for northeastern Pacific sacoglossan opisthobranchs. In many cases, it is unclear if authors are 
reporting their own observations of diets or merely reiterating previous reports. 


Species 

Diets 

Description of prey 

References 

Oxynoe panamensis 

Caulerpa sertularioides, Halimeda 

coenocytic green algae 

Doty & Aguilar-Santos (1970), 
Lewin (1970), Keen (1971) 

Lobiger souverbii 

(Caulerpa racemosa, C. brachypus, 

C. paspaloides, C. serrulata)* 

coenocytic green algae 

Sphon & Mulliner (1972), Baba 
(1974), Clark & Busacca 
(1978), Jensen (1983), Clark 
& DeFreese (1987). Gosliner 
(1987), Ichikawa (1993) 

Berthelinia cliloris 

Caulerpa racemosa, C. sertularioides 

coenocytic green algae 

Kay (1964), Sphon & Mulliner 
(1972), Marcus & Marcus 
(1970a) 

Elysia hedgpethi 

Codium fragile, C. setchellii, Biyopsis 
corticnlans 

coenocytic green algae 

MacFarland (1966), Millen 
(1980), C. Trowbridge (un¬ 
published data) 

Elysia diomedea 

Padina and perhaps Spyridia 

brown algae 

Bertsch & Smith (1973) 

Elysia vreelandae 

Codium 

coenocytic green algae 

Marcus & Marcus (1970b) 

Polybranclua viridis 

Caulerpa racemosa 

coenocytic green algae 

Bertsch & Smith (1973) 

Aplysiopsis enteromorphae 

Cladophora columbiana, C. trichoto- 
ma, Chaetomorpha linum, C. aerea, 
Urospora, Rhizoclonium 

filamentous green algae 

Gonor (1961), Greene (1968, 
1970a), Millen (1980), God¬ 
dard (1984, 1987), Trowbridge 
(1993a), Lance (1998) 

Aplysiopsis oliviae 

Griffitlisia pacifica, Polysiphonia hen- 
dryi 

red algae 

Millen (1980) 

Hermaea vancouverensis 

Jsthmia nen’osa 

diatom 

Williams & Gosliner (1973), 
Foster (1987) 

Alderia modesta 

Vaucheria spp. 

xanthophyte 

Hand (1955), Hand & Steinberg 
(1955), Millen (1980) 

Olea hansineensis 

Precnthona, Haniinoea, Melanochla- 
mys, Gastropteron, Archidoris, Her- 
missenda, Dendronotus 

opisthobranch eggs 

Hurst (1967), Crane (1971), 
Robilliard (1971), Millen 
(1980) 

Placida dendritica 

Codium fragile, C. setchellii, Biyopsis 
corticnlans, (Derbesia, Codium 
spp., Caulerpa lentillifera, or Ha li¬ 
me da cuneata)* 

coenocytic green algae 

MacFarland (1966), Long 

(1969), Greene (1970c), Roll¬ 
er (1970b), Williams & Gosli¬ 
ner (1973), Lambert (1976), 
McLean (1976), Millen 
(1980), Gosliner (1987), 
Bleakney (1989, 1990), Beh¬ 
rens (1991a), Trowbridge 
(1991a, b, 1992a, b), Ichika¬ 
wa (1993) 

Placida sp. 1 

Cladophora** 

filamentous green algae 

Oakes (1979) 

Stiliger fuscovittatus 

Polysiphonia pacifica, Polysiphonia 
brodiaei, P. panicnlata, and Calli- 
thamnion sp.*** 

red algae 

Lance (1962), Steinberg (1963), 
Beeman & Williams (1970), 
Case (1972), Clark & Busac¬ 
ca (1978) 

Stiliger sp. 

Codium magnum 

coenocytic green algae 

Farmer (1996), Lance (1998) 

Stiliger sp. 

Codium fragile 

coenocytic green algae 

J. Goddard (personal communi¬ 
cation, 2000) 

Ercolania boodleae 

Chaetomorpha, Cladophora (Ulva, 
Enteromorpha, Boodlea)* 

filamentous green algae 

Baba (1938, 1949), Baba & Ha- 
mantani (1952, 1970), Usuki 
(1977), photograph in Beh¬ 
rens (1991a) 

Ercolania fascata 

Cladophora, Chaetomoprha, (Clado- 
phoropsis, Biyopsis)* 

filamentous green algae 

Clark (1975), Jensen (1983), 
Clark & DeFreese (1987) 


* Algae in brackets are on Japanese shores (Baba, 1938, 1949, 1974; Ichikawa, 1993), northwestern Atlantic shores (e.g., Clark, 1975; 
Jensen, 1983; Jensen & Clark, 1983; Clark & Busacca, 1978), or South African shores (Gosliner, 1987). 

** Collected on alga; not sure what it feeds on (D. Behrens, personal communication, 2000) but see Oakes (1979). 

*** Not Microcladia coulteri mentioned by Beeman & Williams (1970); the confusion undoubtedly arose as the slug species was 
photographed on M. coulteri in the original species description (Lance. 1962) and in Behrens (1991a). 
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berg, 1963; Beeman & Williams, 1980). Case (1972), 
however, reported that S. fuscovittatus ate three species 
in San Francisco Bay: P. pacifica, P. brodiaei, and P. 
paniculata. Given that there about 17 species of Polysi- 
phonia reported for California, many of which have rec¬ 
ognized varieties, it would be intriguing to know how 
many algal species actually can be used as host species 
for S. fuscovittatus. Clark (1994, 1995) hypothesized that 
sacoglossans are particularly vulnerable to environmental 
or anthropogenic changes, owing to their apparent depen¬ 
dence on specific host plants. Little is known, however, 
to what extent other algal species can serve as alternate 
hosts. 

A related issue is whether sacoglossans are stenopha- 
gous at the local scale but more polyphagous at the re¬ 
gional scale (see discussion by Fox & Morrow, 1981). 
This could occur if diet specificity is affected by devel¬ 
opmental processes (e.g., induction of specific digestive 
enzymes or tooth morphology by initial diet). Recent 
work on a European sacoglossan (Trowbridge & Todd, 
1998, 2001) indicates that the algal substratum used to 
induce larval metamorphosis does affect subsequent feed¬ 
ing preferences of post-metamorphic juveniles. The role 
of genetic variation in feeding preferences has not yet 
been examined but may contribute to regional variability 
in diet; extensive work on suctorial insects, the terrestrial 
analog of sacoglossans, has demonstrated the importance 
of genetic mechanisms (see, for example, Trowbridge, 
1991a; Trowbridge & Todd, 2001). 

Particularly surprising is the paucity of information 
about how native sacoglossans have responded to intro¬ 
duced potential hosts. For example, although the invasive 
pest alga C. fragile ssp. tomentosoides has occurred in 
San Francisco Bay, California since 1973 (Silva. 1979), 
and the alga is a potential host for Placida dendritica and 
Elysia liedgpethi, there have been no published studies on 
temporal changes in host-plant use with the appearance 
of a new host plant on Pacific shores. The issue has been 
investigated on northwestern Atlantic shores (Clark & 
Franz, 1969; Clark, 1975; Bleakney, 1996), northeastern 
Atlantic shores (Trowbridge & Todd, 1998, 2001), and 
Australasian shores (Trowbridge, 1995, 1999). Analogous 
work is being done on Australian and Mediterranean 
shores with sacoglossans attacking introduced species of 
Caulerpa. With the appearance of Caulerpa taxifolia 
(“killer algae’') in San Diego, California, such issues be¬ 
come more pressing. 

Finally, a few cases of slug-algal associations have 
been reported which may not be related to feeding. For 
example, Elysia liedgpethi is often found either crawling 
on or depositing its egg masses on the green alga Ulva 
or red foliose algae (e.g., Steinberg, 1963; MacFarland, 
1966; Behrens & Tuel, 1977). Aplysiopsis enteromorpliae 
in high tidepools selects Mastocarpus papillatus (= Gi- 
gartina papillata) for this purpose (C. Trowbridge, per¬ 
sonal observation), and conspecifics on mudflats often oc¬ 


cur on the green alga Enteromorplia (which the slugs do 
not eat, despite the slug’s species name; Gonor, 1961). 
Although the significance of the following has not been 
generally investigated. Case (1972) reported that eggs of 
Stiliger fiiscovittatns develop faster when deposited on 
algal hosts than on glass or loose in seawater. I have also 
observed slugs clustering on or under non-food macroal¬ 
gae, presumably to ameliorate desiccation stress during 
daytime low tides. Finally, experimental work on a Eu¬ 
ropean sacoglossan has demonstrated that larvae will set¬ 
tle and metamorphose on non-host species (Trowbridge 
& Todd, 2001), and Krug (2001) has documented an anal¬ 
ogous situation with larval Alderia modesta in California. 
While we must be careful in inferring trophic associations 
from the presence of a slug on a particular alga (as em¬ 
phasized by Jensen), field observations of slugs on algae 
are important and may reflect either trophic associations 
or previously overlooked, non-trophic aspects of slug bi¬ 
ology. 

Foraging and Feeding Behavior 

Comparisons of the sacoglossan literature to that of 
generalist gastropods and other herbivorous invertebrates 
(e.g., Hawkins & Hartnoll, 1983) reveal major gaps of 
study in the sacoglossan field; Williams & Walker (1999) 
noted gaps as well. At least six key issues have not been 
explored for northeastern Pacific sacoglossans: 

(1) Frequency of feeding. 

(2) Presence of temporal feeding patterns. 

(3) Extent of long and short-range chemoreception of 
prey species. 

(4) Importance of algal physiological condition. 

(5) Ecological effects of slug grazing. 

(6) Energetics of slugs. 

With respect to the first topic, observational data are mea¬ 
ger, and quantitative data are lacking (Williams & Walker, 
1999). The northeastern Pacific Olea hansineensis re¬ 
portedly feeds periodically a few times per day (Crane, 
1971), whereas Elysia liedgpethi feeds continuously 
(Greene, 1970c). Graves et al. (1979) reported that the 
digestive lumina of Alderia modesta contain chloroplasts, 
suggesting that the species feeds “regularly,” whereas the 
kleptoplastic Elysia clilorotica feeds only periodically. 
The frequency of feeding is difficult to observe directly, 
given the small size of sacoglossans and the ventral lo¬ 
cation of the mouth. 

Regarding temporal patterns, two-day feeding experi¬ 
ments with Placida dendritica , Elysia liedgpethi , and 
Aplysiopsis enteromorpliae indicate no clear distinctive 
tidal or diurnal periodicity (see Trowbridge, 1991a, b, 
1993a, b). Weaver & Clark (1981) reported that Atlantic 
species with functional chloroplasts oriented toward light, 
whereas aposymbiotic species avoided light. If this pat¬ 
tern were general, then most northeastern Pacific species 
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Type of chloroplast retention 

Table 5 

of northeastern Pacific sacoglossans. Species with 
functional kleptoplasty (Clark et al., 1990). 

melanic pigmentation generally lack 


Melanie 



Species 

pigment 

Type of kleptoplasty 

References 

Oxxnoe pcinainensis 

— 

short-term non-functional retention 

Muscatine & Greene (1973), Clark et al. 




(1990) 

Lobiger souverbii 

— 

short-term non-functional retention 

Clark et al. (1990) 

Bertheliuia chloris 

— 

short-term non-functional retention 

Muscatine & Greene (1973), Clark et al. 




(1990) 

Julia thecaphora 

— 

short-term non-functional retention 

Clark et al. (1990) 

Elysia hedgpethi 

— 

short-term (< 12 h) functional re¬ 

Greene (1970a, b, c), Greene & Musca¬ 



tention 

tine (1972) 

Elysia diomedea 

— 

functional retention 

Trench et al. (1969) 

Polybranchia viridis 

— 

short-term non-functional retention 

Clark, personal observations in Clark et 




al. (1990) 

Aplysiopsis enteromorphae 

+ 

short-term non functional retention 

Clark et al. (1990); but see Greene 




(1970a) 

Alderia modesta 

— 

short-term (< 12 hr) functional re¬ 

Graves et al. (1979), Clark et al. (1990) 



tention 


Placida dendritica 

— 

intermediate non-functional reten¬ 

McLean (1976), Greene & Muscatine 



tion 

(1972), Clark et al. (1990) 

Ercolania fuscata 

# + 

no retention 

Clark et al. (1990) 


(Table 5) should avoid light or perhaps be nocturnal be¬ 
cause of the general lack of functional kleptoplasty. Rig¬ 
orous experiments and field observations are needed to 
address this temporal-pattern hypothesis. Although nu¬ 
merous studies assert sacoglossan crypsis and suscepti¬ 
bility to predators, there is a noteworthy absence of quan¬ 
titative data documenting temporal patterns of activity 
patterns for northeastern Pacific slugs. Similarly, for most 
intertidal species, it is not known whether slugs feed dur¬ 
ing emergence and/or submergence. Elysia diomedea 
moves around actively during the day at rates up to 9.5 
cm minute -1 and feeds underwater (Marcus & Marcus, 
1967; Bertsch & Smith, 1973). Alderia modesta moves 
around on Vauchena mats in the daytime (Trowbridge, 
1994), although night observations have never been 
made. Slugs burrow into the algal mats with increased 
emergence time, particularly on warm or bright days 
(Trowbridge, 1994), and thus appear to be active primar¬ 
ily during submergence. 

The role of chemoreception in host-plant location for 
post-metamorphic slugs and for competent veliger larvae 
has not been explored for northeastern Pacific species 
(but see Krug & Zimmer, 2000). Jensen (1982, 1988) in¬ 
vestigated the mode of chemoreception for tropical spe¬ 
cies in Florida, but research on Pacific shores is needed. 
Limited observations suggest that Olea hcinsiiieensis 
moves “randomly” across mudflats, locating opistho- 
branch eggs by chance or perhaps by extremely short- 
ranged perception (Crane, 1971). In contrast, the extreme¬ 
ly rapid recruitment of Placida dendriticci to algal trans¬ 
plants on Oregon shores (Trowbridge, 1992a, b, 1998b) 


suggests that larvae have extremely acute long-distance 
host detection. Den Hartog (1959) reported that Alderia 
modesta reacted to chemical stimuli from algal food; in 
contrast, Aplysiopsis enteromorphae and Ercolania bood- 
leae do not react when presented with cell sap of their 
algal food (Gonor, 1961; Usuki, 1977), indicative of little, 
if any, chemoreception. Ercolania fuscata exhibited a 
positive response to algal homogenates (Jensen, 1988), 
although the nature of the compounds was not identified 
nor was the effective distance defined over which the cues 
operated. 

Until we know the nature of the cues inducing larval 
metamorphosis of sacoglossans and the degree of speci¬ 
ficity of such cues (see Krug, 2001; Krug & Manzi, 1999; 
Krug & Zimmer, 2000a, b), we will not be able to un¬ 
derstand fully the extent of the stenophagy of the slugs. 
For example, it has traditionally been assumed that larval 
metamorphosis of sacoglossans (and for most opistho- 
branchs) occurs only in response to prey species of the 
adults. In laboratory experiments with the Atlantic Elysia 
viridis , however, competent larvae metamorphosed on a 
variety of macroalgae species, including host and non¬ 
host algae (Trowbridge & Todd, 1998, 2001). Further¬ 
more, for northeastern Pacific Alderia modesta , some lar¬ 
vae in every lecithotrophic clutch metamorphose imme¬ 
diately with no inductive cue, whereas the remaining lar¬ 
vae delay metamorphosis indefinitely until either 
encountering Vancheria , or dying (Krug, 2001, personal 
communication, 2000). 

In terrestrial herbivore-plant interactions, the nitrogen 
status, stress level, and physiological condition of the 
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plants strongly affect herbivory of stenophagous and po- 
lyphagous herbivores (reviewed by Trowbridge, 1998b); 
in marine associations, however, comparable information 
is generally lacking for intraspecific variation in herbiv¬ 
ory. The two notable exceptions are experimental studies 
with Placida dendvitica. First, Trowbridge (1998b) re¬ 
ported that desiccation-stressed algal hosts were attacked 
more frequently by P. dendritica than were unstressed 
thalli on Oregon (and New Zealand) shores. The basis 
was not improved food quality or attractiveness to adult 
slugs; the apparent mechanism was that exudates from 
stressed algal hosts induced higher rates of settlement and 
metamorphosis to competent larvae than did exudates 
from unstressed hosts (Trowbridge, 1998b). Second, 
Trowbridge (1991a) found that adult slugs exhibited no 
preferences between mechanically damaged and undam¬ 
aged algal tissue but did grow faster on algae damaged 
by grazing conspecifics. 

Williams & Walker (1999) reviewed the ecological ef¬ 
fect of slug herbivory on algal populations. Presumably, 
species that do not retain functional chloroplasts cause 
more grazing damage than species that supplement their 
nutrition with endosymbiosis or kleptoplasty. To what ex¬ 
tent do northeastern Pacific sacoglossans have functional 
chloroplast retention or kleptoplasty? Most northeastern 
Pacific species retain chloroplasts for varying lengths of 
time, but only three species have functional retention (Al- 
deria modesta, EJysia hedgpethi, and Elysia dioinedea) 
and it is short-term for the first two (Table 5). The phe¬ 
nomenon of kleptoplasty has been well reviewed (Clark 
et al., 1990; Clark, 1992; Williams & Walker, 1999). Yet, 
details for the majority of Pacific species are lacking or 
are extrapolated from other geographic regions. Based on 
the information available, most northeastern Pacific spe¬ 
cies are strictly heterotrophic, and thus their herbivory 
may be more important in damaging their host plants than 
species with multiple modes of nutrition. 

Aspects of feeding behavior that have been well stud¬ 
ied in one species, Placida dendritica, are the patterns 
and ecological consequences of gregarious feeding 
(Long, 1969; Clark, 1975; Trowbridge, 1991b). On the 
algal host Codimn setchellii, 97.4% of the slugs are group 
members on Oregon shores; on C. fragile, 60.3% of slugs 
are group members; on Bryopsis , slugs do not generally 
aggregate (Trowbridge, 1991b). Gregarious feeding and 
intraspecific feeding facilitation documented for P. den¬ 
dritica ,are unusual in sacoglossans and even in marine 
herbivores (Trowbridge, 1991b). 

Sacoglossan herbivory may substantially reduce algal 
host populations when slug densities and/or per capita 
feeding rates are high. For northeastern Pacific species, graz¬ 
ing by Placida dendvitica and Stiliger fascovittatus may be 
ecologically important to Codimn and Polysiphouia popu¬ 
lations, respectively (Case, 1972; Trowbridge, 1992a, 1993b, 
1998b). Case (1972:59) remarked that a “large population 
of S. fascovittatus apparently can reduce the volume of 


Polysiphouia to such a degree that food becomes a lim¬ 
iting factor.” 

The role of epiphytes in determining patterns of saco¬ 
glossan attack of host plants has not been well explored. 
Wahl & Hay (1995) reported that epiphytes could either 
enhance herbivore attack (“shared doom”) or decrease it 
(“associational resistance”). For Placida dendritica, algal 
hosts of Codiuin fragile with the epiphyte Ceraniiiun co¬ 
dicola (specific to Codiuui) were more attractive than 
hosts free of epiphytes (Trowbridge, 1993b). This may be 
due to several different processes: (1) epiphytes provide 
slugs a refuge from predators, (2) epiphytes ameliorate 
physical conditions (e.g., desiccation stress during emer¬ 
gence and wave force during submergence), (3) slugs at¬ 
tack hosts whose defenses are compromised by epiphytes, 
and (4) red algal epiphytes may induce larval settlement 
and metamorphosis (Trowbridge, 1993b). Of the north¬ 
eastern Pacific sacoglossan species, only two are known 
to consume epiphytes, namely Herniaea vaiicouvereusis 
that feeds selectively on the epiphytic diatom Isthinia 
nervosa that coats intertidal macrophytes in summer and 
fall, and Stiliger fuscovittatus that eats epiphytic (and 
non-epiphytic) species of Polysiphouia. Given the impor¬ 
tant ecological roles epiphytes may have in mediating 
slug-host associations, the ecological function should be 
explored more fully for different sacoglossans. 

In terms of sacoglossan energetics, there has been little 
comprehensive work for any northeastern Pacific species, 
although there are data for different aspects for different 
species. The general equation for the energy budget of an 
organism is; 

Consumption = Production + Fecundity 

+ Respiration + Excretion 
+ Secretion. 

There have been several studies that have provided esti¬ 
mates of feeding rates for Olea, Alderia, Placida , and 
Aplysiopsis (Crane, 1971; Trowbridge, 1991a, b, 1992a, 
1993a, b). There have been a few calculations from per 
capita feeding rates to population estimates of slug her¬ 
bivory (Trowbridge, 1992a, 1993a, b). Activity levels and 
respiration have not been explored for northeastern Pa¬ 
cific species (but see work by Clark, 1975 on Atlantic 
Placida dendritica and Ercolania fuscataf fecundity val¬ 
ues (section below) are scarce. Thus, there is insufficient 
information even for the most abundant sacoglossans to 
determine energetics. Because sacoglossans are suctorial 
stenophagous feeders, extrapolations from generalist con¬ 
sumers would provide unrealistic estimates. 

REPRODUCTION, DEVELOPMENT and 
GROWTH 

Reproduction 

Mating and spawning have been documented for several 
northeastern Pacific species (Gonor, 1961; Seelemann, 1967; 
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Baba & Hamatani, 1970; Crane, 1971; Case, 1972; Ferreira 
& Bertsch, 1975; Millen. 1980; Trowbridge, 1992b, 1993d). 
The minimum size of mating individuals is suprisingly 
small. For example, Olea hansineensis forms courtship 
groups when 2 mm long, and reproduction commences at 
4 mm (Crane, 1971; Chia & Skeel, 1973). In Stiliger fus- 
covittatus, the minimum size of egg mass production is 
3 mm (Case, 1972). Mating generally involves paired 
copulatory behavior typical of most opisthobranchs. Al- 
deria modest a, however, inseminates conspecifics hypo¬ 
dermically (Hand & Steinberg, 1955), as do Ercolcmia 
boodleae (Baba & Hamatani, 1970) and E. fiiscata (Gas¬ 
coigne, 1978). Fertile eggs are produced at least 10 days 
after copulation for Stiliger fuscovittatus (Case, 1972), 
although the generality for other species is not known. 
Like other opisthobranchs, sacoglossans store sperm ob¬ 
tained from mating partners; the longevity of these allo- 
sperm is not known. Opisthobranch allosperm and ova 
are mixed during egg mass deposition (reviewed by Had- 
field & Switzer-Dunlap, 1984) but specific information 
for sacoglossans is lacking. 

Chia & Skeel (1973) and Seelemann (1967) have re¬ 
ported high fecundity values for Olea hansineensis and 
Alderia modesta, respectively. For example. A. modesta 
produces about 1000 eggs per day on European shores. 
On Californian shores, young adults of A. modesta lay 
approx, one egg mass per day over a 2 to 3 week period 
in the laboratory; furthermore, there was no difference in 
the frequency of clutch production for planktotrophic vs. 
lecithotrophic clutches (P. Krug, personal communication 
2000). Case (1972) reported much lower values for Sti¬ 
liger fuscovittatus: about 212-232 eggs per day. Egg mas¬ 
ses have been described for several species (Gonor, 1961; 
Lance, 1962; Hurst, 1967; Greene, 1968; Chia, 1971; 
Case, 1972). 

Deposition of the masses (oviposition) is usually on the 
host plants or other macroalgae in the habitat (e.g., Gonor, 
1961; Lance, 1962; Greene, 1968; Case, 1972). In con¬ 
trast to juveniles and adults, the egg masses, embryos, 
and larvae do not contain chloroplasts (Greene, 1968; 
Trench et al., 1969; Case, 1972; Trowbridge, personal ob¬ 
servations); thus, retained chloroplasts are newly acquired 
by each generation. Over 80% of egg masses laid by Sti¬ 
liger fiiscovittatus were produced between 11 pm and 8 
am (Case, 1972). The generality of nocturnal deposition 
is not known. 

With the exception of lecithotrophic Alderia modesta 
(Krug, 1998b), all species have small ova with mean di¬ 
ameters between 55 and 95 fim (Table 6). In most cases 
there is one ovum per capsule; the four exceptions are 
Lobiger souverbii , Elysia diomedea, E. hedgpethi, and 
Stiliger fuscovittatus (Table 6). Case (1972) reported that 
none of the embryos with two ova per capsule developed 
for S. fuscovittatus. Three other embryonic details are 
particularly noteworthy. (1) Embryonic development was 
10% faster when egg masses were attached to algal hosts 


than when attached to glass or floating freely in seawater 
(Case, 1972). (2) Embryonic synchrony occurs within in¬ 
dividual egg masses of S. fuscovittatus (Case, 1972). (3) 
Hatching rates vary between 95% and 99% for S. fus¬ 
covittatus (Case, 1972). The generality of these patterns 
merits further investigation for other northeastern Pacific 
sacoglossans. 

Of the northeastern Pacific species for which data are 
available, all but one have planktotrophic larvae (Table 
6); Alderia modesta is poecilogonous and produces both 
planktotrophic and lecithotrophic larvae (Krug, 1998a, b, 
2001; Krug & Zimmer, 2000a). Veligers and shells have 
been described by Hurst (1967), Greene (1968), Case 
(1972), Goddard (1984), and Krug (1998a, b). The larval 
types of the majority of warm-temperate to tropical spe¬ 
cies have not yet been described. Overall, information on 
development is available for only half of the known 
northeastern Pacific species (Table 6). 

Larval Development and Metamorphosis 

Strathmann (1987) reviewed larval attributes of north¬ 
eastern Pacific sacoglossans. None of the species has been 
raised through its life cycle with the exception of Alderia 
modesta from southern California (Krug, 1998a, 2001; 
Krug & Manzi, 1999; Krug & Zimmer, 2000a, b) and 
from Europe (Seelemann, 1967) and Aplysiopsis entero- 
morphae (P. Krug, personal communication, 2000). In 
fact, only a few sacoglossan species with planktotrophic 
larvae have been successfully raised through their lengthy 
larval growth period to larval competency, settlement, 
and metamorphosis (e.g., Krug & Zimmer, 2000); nu¬ 
merous other attempts have failed (e.g.. Case, 1972; 
Trowbridge, unpublished data). This area of research re¬ 
quires more attention, particularly in terms of the rates of 
larval growth and the nature and specificity of cues in¬ 
ducing larval settlement and metamorphosis. Larvae of 
A. modesta responded to water-soluble algal cues as well 
as surface-associated compounds (Krug & Manzi, 1999; 
Krug & Zimmer, 2000a; Krug, 2001). The little quanti¬ 
tative experimental data on sacoglossans (Trowbridge & 
Todd, 2001) indicate that the paradigm of metamorphosis 
only in response to adult prey is a significantly over-sim¬ 
plistic view based in large part on insufficient controls to 
test alternative hypotheses (see Havenhand, 1991; Trow¬ 
bridge & Todd, 2001). 

The spatial and temporal patterns of sacoglossan re¬ 
cruitment have not been extensively examined, particu¬ 
larly at the regional scale. On a local scale (e.g., at a 
given site), Placida dendritica recruited more abundantly 
to algal hosts transplanted to (1) wave-sheltered coves 
than on closely adjacent points (Trowbridge, 1992a), (2) 
desiccation-prone microhabitats than to low-stress ones 
(Trowbridge, 1998b), and (3) horizontal substratum than 
to closely adjacent vertical substratum (Trowbridge, un¬ 
published data). Peak recruitment rates are 200-400 slugs 
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Table 6 

Developmental features of northeastern Pacific sacoglossans 


Species 

Ovum 
diameter 
( |JLm) 

Ova 

per 

capsule 

Shell length 
at hatching 
(jam) 

Veliger 

type 

References 

Lobiger souverbii 

(54.6-66.5)* 

Up to 5 

no data 

type 1 

Clark & Goetzfried (1978), 
Clark & Jensen (1981) 

Elysia hedgpethi 

70 

1-2 

99, 109 

105 ± 20.6 

type I 

Greene (1968), Strathmann 
(1987), J. Goddard (person¬ 
al communication, 2000) 

Elysia diomedea 

no data 

6-14 

no data 

no data 

Bertsch & Smith (1973) 

Aplysiopsis enteromorphae 

66-70 

1 

107-113 

109 ± 1.7 

type 1 

Gonor (1961), Greene (1968), 
Goddard (1984), Strath¬ 
mann (1987) 

Aplysiopsis olivicie 

no data 

1 

no data 

no data 

Millen (1980) 

Hennaea vanconverensis 

no data 

1 

no data 

type I 

Trowbridge (unpublished data) 

Alderia modesta 

68-80 

(70-82)* 

1 

90-124 

type I 

Hand & Steinberg (1955), 
Hurst (1967), Thompson 
(1976), Clark & Goetzfried 
(1978), Strathmann (1987), 
Krug (1998b) 


105 

1 

186 (190)* 

type 11 

Seelemann (1967), Krug 
(1998b) 

Ercolania boodleae 

9 

1 

? 

? 

Baba & Hamatani (1952) 

Olea hansineensis 

81-120 (capsule) 

1 

110.7 

type I 

Agersborg (1923), Hurst 
(1967), Strathmann (1987) 

Placida dendritica 

no data 
(47-77+)* 
(72.0 ± 5.1)* 

1 

82-112 

(113-127)* 

97 ± 15.0 

type I 

Greene (1968), Kress (1971), 
Clark (1975), Thompson 
(1976), Strathmann (1987) 

Stiliger fuscovittatus 

70-95 

(66.5)* 

l(-2) 

110-150 

type 1 

Lance (1962), Case (1972), 
Clark & Goetzfried (1978), 
Strathmann (1987) 

Ercolania fuscata 

(60, 66.5) 

(64.5 ± 2.0)* 

no data 

no data 

type 1 

Clark (1975), Clark & Goetz¬ 
fried (1978), Clark & Jen¬ 
sen (1981) 


( )* Indicates from regions other than NE Pacific shores. 


algal thallus -1 month 1 (Trowbridge, 1992a). Given that 
most northeastern Pacific species appear to have plank- 
totrophic larvae (Table 6), information about the role of 
nutrient concentrations, phytoplankton concentrations, 
and upwelling patterns that affect larval survival, growth, 
and settlement clearly merits attention (e.g., Trowbridge, 
1992b). Many sites appear to have high densities of sa- 
coglossan larvae, not because the benthic algal hosts are 
more attractive or abundant (Trowbridge, unpublished 
data) but because of the influence of oceanographic con¬ 
ditions on these factors. For example. Seal Rock and 
Strawberry Hill, Oregon, consistently have high densities 
of many species of sacoglossans (as well as other opis- 
thobranchs) every spring and summer (in contrast to what 
was initially reported by Sphon, 1972); these two sites 
are recruitment "hot-spots” for many types of larvae in¬ 
cluding barnacles, mussels, and sacoglossans (Menge, 
1992; Menge et al. 1997; Trowbridge, 1992b; B. Menge, 
personal communication 1996). Such meso-scale ocean¬ 


ographic conditions may account for some of the apparent 
patchiness of sacoglossan populations. 

Post-Metamorphic Growth 

Another enigmatic period in sacoglossan life cycles is 
the post-metamorphic juvenile stage, particularly the be¬ 
havior, feeding habitats, and growth rates of juveniles. 
For Alderia modesta on European shores, juveniles (0.8 
mm long) feed, rapidly develop cerata, and produce eggs 
when 10 days old at a length of 3 mm (Seelemann, 1967). 
On the shores of southern New England, the life span of 
A. modesta was estimated as 2-6 months (Clark, 1975); 
information for northeastern Pacific populations is not 
available. Information on growth of Olea hansineensis 
also indicates a rapid life cycle, with 5 days to reach 1 
mm and 2-3 weeks to reach sexual maturity (Crane, 
1971; Chia & Skeel, 1973). Clark (1975) and Jensen 
(1983) recorded the growth of Atlantic populations of Er- 
colania fuscata on multiple algal diets ( Cladophora, 
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Cliaetomorplia, Cladophoropsis). Furthermore, Clark 
(1975) conducted reciprocal feeding experiments to de¬ 
termine the importance of algal source of slugs vs. in¬ 
trinsic food quality; he also documented that slugs were, 
on average, larger on Cliaetomorplia on the shore but 
more abundant on Cladophora. Jensen (1983) also re¬ 
corded the growth of Lobiger sonverbii on Caulerpa ra- 
cemosa (on Atlantic shores). 

Fretter (1941) described the gut of sacoglossans and 
suggested that species could ingest large quantities in 
short periods, given the structure of the gut. If high in¬ 
gestion corresponds to rapid growth, then sacoglossans 
have the potential for extremely rapid growth. Based on 
short-term growth rates of Placida dendritica, slugs in¬ 
crease in mass at about 25% body mass per day in the 
laboratory on Codium spp. and at 30-40% on Bryopsis 
corticulans (Trowbridge, 1991a). Growth rates in the field 
were calculated by outplanting algal hosts (with no slugs) 
and measuring the body size of recruits after different 
intervals of time (Trowbridge. 1992a). Based on these 
data. Trowbridge (1991a) estimated the longevity of P. 
dendritica to be 1—2 months. Case (1972) observed that 
post-settlement juveniles of Stiliger fuscovittatus pre¬ 
ferred new growth (i.e., terminal young branches) of Po- 
lysiplionia brodiaei to older, highly corticated algae, and 
he also suggested that juveniles could starve in the pres¬ 
ence of host plants, presumably if young branches were 
not available. S. fuscovittatus reached sexual maturity in 
less than 2 months after metamorphosis; slugs reproduced 
for several months, then died (Case, 1972). 

POPULATION DYNAMICS and STRUCTURE 
Seasonality 

Phenological information for northeastern Pacific sa¬ 
coglossans is rather meager. For all the northeastern Pa¬ 
cific species, the inferred seasonalities (Figure 2) are 
based on published collection records, my own collection 
records (C. Trowbridge, unpublished data), or personal 
communications (J. Goddard, 2000; S. V. Millen, 2000). 
More sampling and observations are needed before reli¬ 
able phenological data are available for the less well-stud¬ 
ied 19-20 sacoglossan species. Collection records for 
species in the Gulf of California and southward may in¬ 
dicate that sacoglossans are present much of the year; 
quantitative abundance data would assist in the interpre¬ 
tation of presence/absence data. 

The most comprehensive and quantitative data are on 
Placida dendritica on Oregon shores (Trowbridge, 
1992b) where the species occurred on intertidal algal 
hosts from April to September with occasional slugs be¬ 
ing found in March and October (Figure 2). Aplysiopsis 
enteromorphae also appears to be primarily a spring and 
summer species on Oregon shores (Goddard, 1984:146, 
J. Goddard, personal communication, 2000; Trowbridge, 
1993a. d). Monthly observations over the course of 1 year 


(September 1975 to September 1976) at Scott Creek, San¬ 
ta Cruz County, California showed that A. enteromorphae 
was present year around in high intertidal, outer coast 
pools; the species peaked in abundance in September and 
October and declined sharply in November (J. Goddard, 
unpublished observations). Egg masses were produced 
year around but were most abundant in September and 
October (J. Goddard, unpublished observations). The 
spring and summer seasonality inferred for Elysia hedg- 
petlii (Figure 2) is based on my observations for Seal 
Rock and Boiler Bay, Lincoln County, Oregon (C. Trow¬ 
bridge, unpublished data). Elysia hedgpethi and its eggs 
were found on Codium fragile in La Jolla, California in 
January and February 2000 (J. Goddard, unpublished ob¬ 
servations). Finally, Stiliger fuscovittatus in San Francis¬ 
co Bay, California was most abundant in fall and early 
winter (Case, 1972); whether the species exhibits a sim¬ 
ilar phenology on open-coast shores is not yet known. 

Several authors (Miller, 1962; Clark, 1975) have cate¬ 
gorized opisthobranchs based on whether they are (1) an¬ 
nual to subannual with multiple generations per year or 
(2) perennial. Based on seasonality data (Figure 3), this 
dichotomy is difficult to apply to northeastern Pacific spe¬ 
cies. Placida dendritica, Alderia modesta, and Stiliger 
fuscovittatus could be assigned to the first category as 
they have continual recruitment, rapid growth, and early 
reproductive maturity (Case, 1972; Trowbridge, 1992a, b, 
1993c, d). Aplysiopsis enteromorphae is clearly suban¬ 
nual in Oregon with a single generation per year (Trow¬ 
bridge, 1993a, d). For other species, there is not sufficient 
information to categorize them. Some authors have sug¬ 
gested that spring to summer seasonal patterns reflect 
slugs tracking seasonally available algal species. Yet, for 
P. dendritica, Elysia hedgpethi, A. enteromorphae, A. mo¬ 
desta, and S. fuscovittatus, the algal hosts are present all 
year, and thus, the seasonal disappearance is due to con¬ 
straints other than food limitations. For Hermaea Vancou¬ 
ver ensis, the diatom Isthmia nervosa is seasonally abun¬ 
dant with peak densities from July to September on 
Oregon open-coast shores (Trowbridge, personal obser¬ 
vations) and perhaps earlier in California; spatio-temporal 
variation in diatom abundance throughout the slug's range 
merits examination. Phenological information for three of 
the northeastern Pacific species, also found on Atlantic 
shores, is summarized by Clark (1975) and Bleakney 
(1996); comparable data for Pacific shores are lacking. 

Sacoglossan Abundance 

For most northeastern Pacific sacoglossan species, pop¬ 
ulation density information is qualitative: abundant, com¬ 
mon, frequent, rare, etc. (e.g., Lance, 1961; Steinberg, 
1963; Sphon & Lance, 1968; Roller & Long, 1969; Roll¬ 
er, 1970b; Williams & Gosliner, 1971; Gosliner & Wil¬ 
liams, 1973). Quantitative data are slowly being collect¬ 
ed. For pool-dwelling species such as Aplysiopsis enter- 
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Figure 2. Seasonality of northeastern Pacific sacoglossan species in three major regions: N (north) indicates Alaska to Oregon, S 
(south) indicates California, and G (gulf) indicates the Pacific coast of Baja California, the Gulf of California, and southward to the 
equator. Shaded cells represent slug presence and ? represents presumed occurrence but no published reports, personal observations, or 
personal communications. Data from Bergh, 1894; Cockerell & Eliot, 1905; MacFarland, 1924, 1966; Sowell, 1949; Hand & Steinberg, 
1955; Gonor, 1961; Keen & Smith, 1961; Lance, 1961, 1962, 1966, 1996; Marcus, 1961; Smith, 1961; Hurst, 1967; Farmer, 1967; 
Marcus & Marcus, 1967; Dushane & Sphon, 1968; Lewin, 1970; Sphon & Mulliner, 1972; Bertsch, 1971, 1973; Robilliard, 1971; 
Sphon, 1971; Bertsch & Smith, 1973; Chia & Skeel, 1973; Gosliner & Williams, 1973; Williams & Gosliner. 1973; Larson & Bertsch, 
1974; Ferreira & Bertsch, 1975; Lambert, 1976; Behrens & Tuel, 1977; McLean, 1978; Millen, 1980, 1989; Goddard, 1984, 1987, 
personal communication, 2000; Jaeckle, 1984; Foster, 1987; Trowbridge, 1993a, d, 1994, unpublished data; Goddard et ah, 1997; Bertsch 
et al., 1998; Lance, 1998. 


omorphae, Trowbridge (1993a) reported values of up to 
50% of pools at individual sites on Oregon shores. For 
mat-dwelling species such as Alderia modest a, population 
estimates range from tens to thousands per m 2 (Trowbridge, 


1993c, d). Lewin (1970) reported that Oxynoe panamensis 
was abundant at about one slug per m 2 . For sacoglossan 
species inhabiting separate, upright branching algal hosts, 
estimates of abundance range up to 70% of hosts for Pla- 
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Figure 3. Maximum size-frequency distribution of northeastern 
Pacific sacoglossans. Abbreviations for the larger species are as 
follows: Ae = Aplysiopsis enteromorphae, Pv = Polybranchia 
viridis. Eh = Elysia hedgpethi, Ed = Elysia diomedea. Data 
based on Agersborg, 1923; MacFarland, 1966; Marcus & Mar¬ 
cus, 1967, 1970b; Baba & Hamatani, 1970; Keen, 1971; Chia & 
Skeel, 1973; Beeman & Williams, 1980; Goddard, 1984; Beh¬ 
rens, 1991a; Trowbridge, 1993a, c; Bertsch et al., 1998; Valdes 
& Camacho-Garcia, 2000. 


cida dendritica (Trowbridge, 1993b). Case (1972) report¬ 
ed abundance values of Stiliger fuscovittcitus in a range 
of ways: total number of animals found, number of slugs 
per ml of algal host, and number of slugs per m 2 of sub¬ 
strata. Other authors such as Clark & DeFreese (1987) 
have reported abundance values as number of slugs per 
gram dry mass of algae. Dry mass values, however, are 
not logistically possible for all sites (e.g., marine re¬ 
serves) or for all algal hosts (e.g., Vaucheria spp., which 
forms mats binding algae and sediments together, the di¬ 
atom Isthmia nervosa , which forms colonies attached to 
intertidal macrophytes, or Codium setchellii, which is rel¬ 
atively scarce (Trowbridge, 1996)). For none of the north¬ 
eastern Pacific species is there sufficient population data 
to test whether the positive association between latitude 
and peak slug density (reported by Clark & DeFreese, 
1987 for Atlantic species) also occurs in our region. Giv¬ 
en that past collection locations are known for most spe¬ 
cies (Tables 2, 3), such regional abundance information 
should be feasible to document. 

Population Structure 

Detailed investigations of population structure have 
been reported for four species: Stiliger fuscovittatus 
(Case, 1972), Alderia modesta (Trowbridge, 1993d), 


Aplysiopsis enteromorphae (Trowbridge, 1993a, d), and 
Placida dendritica (Trowbridge, 1992b). Detailed length- 
frequency data (e.g., 871 individuals of Stiliger fuscovit¬ 
tatus: Case, 1972) can provide valuable insight into the 
timing of juvenile recruitment, the rate of juvenile and 
adult growth, and the timing of adult mortality. When 
supplemented with environmental data (see Trowbridge, 
1992b), population structure data can be a powerful tool 
for investigating sacoglossan ecology. Because many eco¬ 
logical processes (e.g., fecundity, predation, etc.) are size- 
dependent, maximum body size of a given species (Figure 
3) is valuable and should be included in future collec¬ 
tions. 


ABIOTIC FACTORS 

The importance of physical or abiotic factors in structur¬ 
ing sacoglossan populations has been generally assumed 
but rarely demonstrated. Notable exceptions include de¬ 
scriptive and experimental work by Case (1972) and 
Trowbridge (1992a, b). The salinity tolerance of Stiliger 
fuscovittatus and Alderia modesta presumably affects the 
spatio-temporal patterns of slug populations within estu¬ 
aries. Case (1972) reported that 50% of S. fuscovittatus 
individuals tested died within 18 hr when held in 10 ppt 
water and 50% died within 72 hr at 13 ppt; slugs survived 
well at salinities of 21 and 33 ppt. Given that salinities 
in San Francisco Bay dropped to 4 ppt for over 24 hr, 
Case’s suggestion that low salinity caused the dramatic 
observed decline in slug population density seems well 
supported. Comparable details have been described for 
the marsh slug A. modesta on European shores (Seele- 
mann, 1968). There was geographic variation in salinity 
tolerance by A. modesta: both high and low salinities dis¬ 
rupted embryonic development and egg production (See- 
lemann, 1968). Presumably, these autecological responses 
will dictate species’ distributions within bays. Behrens 
(1980), summarizing the literature for San Francisco Bay, 
reported that four species occurred in the bay: A. modesta , 
S. fuscovittatus, Elysia hedgpethi , and Placida dendritica. 
The salinity tolerance of the latter two species is not known, 
nor is it known for Aplysiopsis enteromorphae in high in¬ 
tertidal pools or on estuarine mudflats (Trowbridge, 1993a, 
d). 

The role of fluctuations in air and seawater temperature 
also merits consideration. Case (1972) reported that adult 
Stiliger fuscovittatus was eurythermal. Both low temper¬ 
ature (4°C) and high (19-23°C) had little effect on adult 
slugs, despite the narrow temperature range slugs en¬ 
countered in the bay (11-16°C) (Case, 1972). Further¬ 
more, Trowbridge (1992b) noted that the maximum size 
of Placida dendritica increased significantly with in¬ 
creased seawater temperature. With the availability of 
temperature chart recorders that could be attached to 
rocky surfaces on the shores, our understanding of the 
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contribution of atypically hot or cold days to population 
fluctuations of slugs should improve. 

Finally, the influence of wave exposure on sacoglossan 
population structure and dynamics has long been sur¬ 
mised. The little information available is mostly indirect. 
Case (1972) monitored the population abundance of Sti- 
liger fnscovittatus along a sea wall with a strong wave 
exposure gradient; slugs were most abundant at site 2 
(site 1 was most sheltered, site 8 was most exposed). He 
surmised that S. fnscovittatus could not persist on the 
open coast but suggested this hypothesis should be tested 
experimentally. Other authors, including myself, have 
subsequently found the species on the open coast, al¬ 
though albeit in comparatively wave-protected habitats 
(e.g.. Seal Rock, Oregon where a series of rocks breaks 
the wave force considerably). Current techniques now 
available to measure wave force and water flow in a 
quantitative fashion could be usefully applied to opistho- 
branch studies. 

BIOTIC INTERACTIONS 

Predation 

Opisthobranchs have a repertoire of defenses against 
potential predators (e.g., reviews by Thompson, 1976; Di 
Marzo et al., 1993; Cimino & Ghiselin, 1998; Cimino et 
ah, 1999). For northeastern Pacific sacoglossan species, 
the support for chemical and/or behavioral defenses is 
relatively meager (Table 7). Trowbridge (1994) tested the 
pH of four species of sacoglossans; while they all reduced 
their surface pH when physically disturbed, only one was 
acidic ( Aplysiopsis enteromorphae). Three of the four 
species were readily consumed by a suite of ecologically 
relevant predators in spite of any purported defenses such 
as cerata waving and/or autotomy. However, one of these, 
Stiliger fnscovittatus, was not consumed by the carnivo¬ 
rous Roboastra tigris (Lance, 1997). Aplysiopsis entero¬ 
morphae was also not consumed by a variety of preda¬ 
tors, but the basis of the slugs’ unpalatability has not been 
explored (Trowbridge, 1994) 

In a 12-day field experiment conducted in Oregon, Al- 
deria modesta abundance was significantly reduced on 
exposed algal mats and in cage controls compared to in 
full predator-exclusion cages (Trowbridge, 1994). These 
results indicate that intense predation did significantly re¬ 
duce slug populations; moreover, observational evidence 
from Vader (1981) and experimental evidence from 
Trowbridge (1993c, 1994) indicates that bird, fish, and 
crab predation can be important in reducing slug densi¬ 
ties. Bleakney (1996) suggested that the “potent, sickly- 
sweet perfume exuded” by A. modesta may be an effec¬ 
tive defense against spiders, beetles, and bugs; this in¬ 
triguing hypothesis merits experimental testing. Predator 
exclusion experiments need to be conducted for other sa¬ 
coglossan species, particularly for the warm-temperate to 


tropical species that may experience more intense pre¬ 
dation than their high-latitude counterparts. 

The tropical to subtropical sacoglossan Elysia diome- 
dea contains secondary metabolites named tridachione 
(after the slug’s previous genus name Tridachiella) and 
9, 10-deoxytridachione; it is unclear whether these com¬ 
pounds are derived directly from dietary sources, from 
retained functional chloroplasts, or synthesized de novo 
(Ireland et al. 1978; Ireland & Faulkner 1981). Vardaro 
et al. (1992) reported that Placida dendritica on Medi¬ 
terranean shores produced polypropionate compounds de 
novo and that they were not localized in specific tissues. 
Furthermore, Di Marzo et al. (1993) reported that the 
Mediterranean P. dendritica was unpalatable to fishes; in 
contrast, Trowbridge (1994) reported that fishes readily 
consumed specimens on Oregon shores. The source of 
this variation is intriguing; whether it is due to cryptic 
species (morphologically similar species that are often 
confused as a single species), geographic variation in ca¬ 
pacity to synthesize compounds de novo , or to other fac¬ 
tors is not known. The source of the secondary metabo¬ 
lites, however, is seemingly not the algal diet (Cimino et 
al., 1999). 

Information on the predation of sacoglossan larvae and 
egg masses is meager. Caprellid amphipods may prey 
upon swimming veliger larvae or setting juveniles (Kae- 
stner, 1967, cited by Case, 1972). There are some details 
of egg predation by the sacoglossan Olea liansineensis. 
Crane (1971:58) wrote that “adults were observed to re¬ 
coil violently from their own egg mass. . . . Apparently, 
contact is necessary for recognition of their egg masses.” 
This aversion response is not only to their egg masses 
but also to those of conspecifics (S. V. Millen, personal 
communication, 2000). 

In all of the cases above, the slugs are consumed di¬ 
rectly by predators. Predation, however, can have indirect 
effects on slugs (Case, 1972) when consumers (e.g., 
birds) consume the substrata (e.g., mussels) upon which 
the slugs’ algal food grows. Indirect effects of predators 
or generalist herbivores would be most important in cases 
in which the slugs’ algal hosts are epibionts, growing on 
top of a shellfish or an alga. The importance of this mech¬ 
anism in regulating slug populations has not yet been ex¬ 
plored. 

Competition 

In terrestrial systems, there is extensive theoretical and 
empirical information on the role of interspecific and in¬ 
traspecific competition among stenophagous herbivores 
such as phytophagous insects. In marine systems, the top¬ 
ic has barely been addressed. In many cases, sacoglossans 
occur on host plants not used by other grazers (Trow¬ 
bridge, 1992a). In other cases, such as Aplysiopsis enter- 
omorphae, the slugs coexist with prosobranch gastropods 
and small crustaceans (e.g., amphipods, isopods) (Trow- 
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bridge, 1993a). On northeastern Pacific shores, Placida 
dendriticci and Elysia hedgpethi coexist on the same host 
species and even occasionally on the same thalli (D. Beh¬ 
rens, personal communication, 2000; C. Trowbridge, per¬ 
sonal observations); whether the two species facilitate 
one another, inhibit one another, or have no effect de¬ 
serves future consideration. 

Finally, for the two species that often occur at very 
high densities, P. dendritica and Alderia inodesta , intra¬ 
specific interactions merit investigation. Trowbridge 
(1991b) demonstrated that small individuals of P. deu- 
dritica inhibit the feeding and growth of large conspecif- 
ics (i.e., intraspecific competition); in contrast, large slugs 
facilitate the feeding and growth of small and large con- 
specifics (facilitation). For A. inodesta, population density 
and body size are inversely related on a regional scale 
(Trowbridge, 1993c, d). Whether this pattern reflected in¬ 
traspecific competition or other mechanisms (e.g., high 
recruitment coupled with high mortality) has not been 
investigated. 

SPECIES IDENTITY and VARIATION 

The majority of sacoglossans are described based on mor¬ 
phology, especially radular tooth shape and size and var¬ 
ious attributes of the reproductive system. In few cases 
has the biological species concept been tested by con¬ 
trolled matings of seemingly conspecific animals. Thus, 
it is frequently difficult to determine whether observed 
variation is best considered inter-specific or intra-specific. 
Molecular techniques offer independent methods to test 
the validity of morphospecies. To date, extremely few 
molecular studies of this sort have been conducted on 
sacoglossans (or other opisthobranchs). Theisen & Jensen 
(1991) investigated genetic variation of European species 
(including the species Alderia inodesta) with allozymes. 
Krug (1998a. b) and Trowbridge (unpublished data) in¬ 
vestigated variation in the mtDNA gene cytochrome ox¬ 
idase subunit I (COI) of A. modesta, Placida dendritica , 
and Ercolania boodleae. Thollesson (1999) and Trow¬ 
bridge (work in progress) have sequenced portions of the 
mtDNA gene 16S rRNA in P. dendritica. I predict that 
molecular techniques will result in the splitting of cos¬ 
mopolitan species (e.g., Placida dendritica) into sibling 
species, analogous to work on other taxa (e.g., Knowlton, 
1993; Geller et al., 1997). P. dendritica has been a con¬ 
troversial species for decades (Thompson, 1973, 1976, 
1988; Gosliner, 1987; Bleakney, 1989, 1990; Trowbridge, 
1997; Burn. 1998; references therein) due to morpholog¬ 
ical, physiological, and ecological variation. Molecular 
details may soon resolve whether P. dendritica is the ap¬ 
propriate name for the northeastern Pacific species: the 
species was described from specimens collected from 
Torbay, England. 

Molecular techniques may resolve many of the prob¬ 
lematic taxonomic issues as well as assist with the as¬ 


signment of new undescribed species to correct genera. 
The placement of many species in the families Hermaei- 
dae and Limapontiidae ( seusu Jensen, 1996) has been 
very problematic, rendering the sacoglossan literature dif¬ 
ficult to follow. For example, the species Aplysiopsis en- 
teroniorphae has been placed in three different genera 
since 1905; many other species have been transferred be¬ 
tween genera (in different families) as our understanding 
has improved. Molecular research may assist in resolving 
future taxonomic difficulties (e.g., with the undescribed 
species shown in Table 1). Finally, molecular information 
could contribute substantially to the questions of larval 
dispersal, gene flow host specificity, and other ecological 
or evolutionary issues. 

PROSPECTUS 

The field of sacoglossan biology is wide open with ex¬ 
tensive areas of unexplored issues. Some of the priority 
areas for future research on northeastern Pacific sacog¬ 
lossans are: 

1. Investigate the northeastern Pacific sacoglossan fauna 
from the Gulf of California south to the equator. The 
investigation of this tropical to subtropical region will 
undoubtedly raise our estimate of sacoglossan species 
richness. 

2. Document the population structure and dynamics of 
species, including the seasonality of slug and spawn 
occurrence, adult immigration, and frequency of adults 
over-wintering. If sacoglossans are indeed particularly 
susceptible to environmental degradation, habitat loss, 
and anthropogenic change (Clark, 1994), basic popu¬ 
lation information about these species is essential to 
provide a baseline from which to evaluate future 
change. 

3. Document the host-plant associations in more compre¬ 
hensive detail, both spatially and temporally. Even 
specialized associations change on ecological and evo¬ 
lutionary time scales. Thus, understanding the condi¬ 
tions under which trophic flexibility does occur is bi¬ 
ologically significant. 

4. Study the feeding and foraging behavior, particularly 
the existence of any temporal patterns (tidal or diurnal/ 
nocturnal). Ecological theories about feeding specific¬ 
ity are frequently based on assumptions of vulnerabil¬ 
ity of slugs to potential predators; basic information 
about when and where sacoglossans feed is crucial to 
evaluating their risk to visual predators. 

5. Investigate the relative importance of kleptoplastic vs. 
heterotrophic sources of nutrition. The new technique 
of PAM lluorometry provides us with the means of 
rapidly and non-invasively screening slugs for photo¬ 
synthetic activity (S. Williams, 2000; personal com¬ 
munication, 2000). 

6. Quantify patterns of larval growth, metamorphosis, 
post-larval growth, and fecundity. 
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7. Document the effect of physical variables such as sa¬ 
linity, temperature, irradiance, turbidity, etc., as well 
as UV light, pesticides, and other types of coastal pol¬ 
lution on slug population dynamics (see Clark, 1975, 
1994, 1995). 

8. Investigate the patterns of genetic variation within and 
among species; such molecular techniques will aid the 
correct placement of the taxonomically challenging, 
undescribed sacoglossans on northeastern Pacific 
shores as well as contribute to the understanding of 
sacoglossan population structure and dispersal. 
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